Objective -To evaluate a deprivation index, calculated from small area statistics for postcode sectors, as a measure of individual social status in an epidemiological study of coronary heart disease (CHD). Design -A baseline, cross sectional survey. Setting -Twenty two local authority districts of Scotland surveyed between 1984 and 1986. Subjects -A total of 10 359 men and women aged 40-59 years randomly selected to the Scottish heart health study. Main results -The Scottish deprivation categorisation, derived from small area statistics, exhibits a strong linear trend (p = 0.001 or below) for individual prevalent CHD for men and women, unadjusted, and adjusted for major cardiovascular risk factors. The degree of association with CHD is similar to that for measures of social class based upon occupation. Conclusions -The Scottish deprivation categorisation is an effective measure of individual social status in the current study, broadly comparable in its effect with the more traditional classification derived from occupations. The latter has important problems in definition, especially for women. Small area statistics may provide a useful marker of individual social status in a more general epidemiological setting.
Such scores were originally used by market researchers to define target populations for advertising campaigns,' but the methodology has become increasingly used in health services research and planning to develop markers of deprivation for areas. 23 The best known index is due to Jarman;45 this has been used in the allocation of health resources by government. 6 When assessing the social status of individuals, as opposed to areas, in epidemiological investigations, a sensible approach is to use some suitable measure which is specific to that individual, such as income, education level or housing tenure (owner occupied/rented).7 The measure most commonly used in the UK is the categorisation based on occupations developed by the Office of Population Censuses and Surveys (OPCS).89 This is widely used in studies of both morbidity and mortality.
This article considers whether a particular index which was derived from postcode sector statistics, and is thus an area-level measure, is a useful measure of social status for individuals within that area in the context of a large epidemiological investigation of coronary heart disease (CHD) in Scotland. Since the data are Scottish, the index chosen for evaluation is the Scottish deprivation score developed by The data analysed here come from the baseline survey of the Scottish heart health study (SHHS) The first criteria will be assumed to be satisfied by both the C&M and OPCS variables; the second may be tested by statistical analysis. Here logistic regression was used to calculate CHD prevalence odds ratios for the C&M deprivation categories of individuals. A linear trend was then fitted to the log odds; this is equivalent to assuming a constant multiplicative increase on the raw scale, ie, the odds of prevalent CHD increases by a constant multiple as the deprivation category rank increases by a constant amount. A similar analysis was performed for the OPCS variable, although less detail is presented here, both because the properties of the occupational social classification are well known and because some results from the SHHS have already been published. 20 The C&M and OPCS ("head" and "personal" occupation) variables were compared in absolute terms by examining their agreement. In relation to CHD, their sets of log odds, goodness of fit to a linear trend, and the magnitude of that trend were compared. The marginal significance of each variable in the presence of the other was also evaluated, as was the possibility of interactions, through further logistic regression modelling. Analyses were carried out using the multilevel modelling package MLn,21 which takes account of the clustering of individuals to postcodes. Pen Table 1 shows the distribution of C&M outcomes and a further summary measure of agreement with the OPCS variables. Since C&M have seven, but OPCS only six, categories, exact one-to-one agreement is not possible. If they did both measure exactly the same thing then no-one would be in a higher C&M category than their OPCS category. In table 1 an "agreement" is where someone in a particular C&M category is also in the OPCS category of either the same or next lowest rank. This inevitably means that percentages are likely to be lowest in the extreme categories (C&M classes 1 and 7). Table 1 suggests that there is considerable disagreement between the C&M and OPCS variables because the percentage agreements rarely exceed 50%. Although the C&M definition includes use of the OPCS classification, there is no reason why the two should have close agreement at the individual level since C&M only use area-level statistics. In fact, when complete cross tabulations of C&M against OPCS category are examined, there is only one case in which a C&M class does not contain men and women from every OPCS class. Table 1 gives a basis for comparing unclassifiable subjects between the variables. A "housewife" is a woman (single women only for the "head occupation" definition) who has declared this as her current occupation and who has not declared any previous employment. These women are not classified on the graded OPCS scale. Missing values are where there is insufficient detail, either in the job description or the address, to classify an individual. Overall a few more men, but considerably fewer women, are uncoded for the C&M variable compared with the OPCS variable(s). Although the "personal" occupation definition has produced fewer missing values than the "head" occupation definition, this is far outweighed by the enormous increase in the number of uncoded "housewives". The OPCS variables give broadly similar results to the C&M variable. For men the comparison of CHD prevalences is significant without adjustment (p = 0.01), but not significant (p = 0. 11) after adjustment for the risk factors used in table 2. For women, "head occupation" gives much more extreme results (p<0.0001 before adjustment, p=0.004 after adjustment) than "personal occupation" (p= 0.003 and p = 0.20 respectively), although "head" has around 20% more observations and so the comparison must be made with caution. Figure 1 shows the estimated log odds and the fitted linear model for all three classifications for each sex, without adjustment. The two occupational definitions for women may be compared directly; the "head" definition gives a slightly better fit for the linear model, and has a slightly higher gradient. The differences are only important at the most advantaged end of the social scale; broadly the "personal" definition gives a relatively low estimate of prevalent odds in occupational social class I. For social class IIIn the two odds concur. The linear term for OPCS categories is extremely significant before adjustment in each case (p<0.0001 for "head" and p =0.004 for "personal") but is not quite significant after adjustment at the 5% level for "personal" (p = 0.07). Both before and after adjustment, there is no significant non-linear component for any OPCS classification (p>0.10).
Comparison of the C&M category and occupational social class is, again, complicated by the difference in the number of categories, although figure 1 uses the same range on each horizontal axis to aid the visual comparison of slopes and fits. The linear term for C&M categories is extremely significant before and after adjustment (p<0.0001 in both situations for men; 0<0.0001 unadjusted and p=0.001 adjusted for women). Once again, there is not a significant non-linear component (p>0. between the C&M and "head" OPCS variables as linear predictors of CHD, but the "personal" OPCS variable is slightly less effective. When cross adjustments are made between the linear C&M and OPCS variables, similar results are found for the two sex groups and the two female OPCS classifications. Adjustment for the C&M variable does not remove the effect of the OPCS variable and vice versa (p = 0.02 or below). There is no evidence of any interaction (p = 0.17 or above) between the C&M and OPCS variables.
Discussion
The statistical analysis from the SHHS suggests that, at least in the context of epidemiological studies of CHD for middle-aged people, an index based on small area statistics is an effective marker of personal social status. The categorical C&M variable exhibits a strong linear trend for prevalent CHD, and its effect is broadly comparable with the OPCS occupational variable. The two variables seem to act independently, but not synergistically, upon CHD. Similar conclusions are drawn for the two sexes.
Both the C&M and OPCS variable have the advantage that they are easy to obtain in epidemiological investigations, since they require knowledge only of the address or occupation respectively. Both are commonly recorded on official records, including the death certificate, or may be found, without major difficulties, from the subject or his/her relatives, neighbours or friends. Furthermore, both have a multi-point graded scale which enables doseresponse effects to be studied.
Social measures based on employment have been widely used and well researched, and are readily comparable with the extensive literature on occupational health. Notwithstanding possible "prestige" error, the "healthy worker" effect and other well known biases in occupational data, employment details have provided a workable definition of social status in the past, when unemployment was rare and men were the major family bread winners. However, unemployment rates are now very high in many parts of the West. Furthermore, much of the unemployment is long term, so that previous employment, used in the OPCS classification, may not be relevant to current social status.
The occupational social classification ofmarried women is problematical for two reasons. Firstly, the movement towards sexual equality in occupation and income clearly invalidates the blanket assumption that the husband is the economic head of the household. In areas of social decline the wife may well be employed while her husband is not. Other modern social developments, including increases in divorce and co-habitation cause more general problems for the OPCS classification. Secondly, for understandable reasons, it can be difficult to have results accepted when married women are classified by the occupation of their spouse. In the current investigation there is evidence that the "head" definition gives slightly better results, both in terms of fewer unclassified subjects and the strength of the linear relationship for log odds of CHD. This agrees with other evidence, both specific to CHD25 and more general.26 Such evidence may not be readily acceptable by a sceptical audience and, indeed, may not be reproducible in the future. Measures of occupational social class based on "average" or "highest rank" family employment are possible to construct but more complex to collect, and not necessarily comparable with single persons' occupational social class.
Social measures based on small area statistics have the advantage that a person's address is very easy to obtain, even in situations where employment (particularly spouse's or former employment) details are not normally recorded. Although the postcode may not always be given, this can usually be found from Post Office records. In the SHHS, where the postcode was not recorded for anyone at the outset, it was possible to discover the majority of postcodes by subsequent investigation. Unlike the OPCS variable, there is no problem of sex differentiation. However, there are three major disadvantages with postcode based indices.
Firstly, the times at which the small area statistics and the data, which will later use them for social classification, are collected may differ by a number of years. Thus, in the present study, 1981 census statistics were used to group SHHS data from 1984-86. It may then be that the social characteristics of a particular area have altered, so that there is some misclassification. Comparison of 1981 and 1991 census based C&M postcode classifications shows a small number of major disagreements."14 On the other hand, the OPCS classification of occupation is also periodically reviewed. Secondly, small area statistics do not give values which are specific to any particular subject, and standard epidemiological and statistical wisdom will therefore go against their use when individuals are studied. The results here suggest that this may not be such a problem. Third, the way in which the particular index chosen is constructed may affect the results. The C&M categorisation used here is an extremely subjective measure; the original authors used their own selection of four small area statistics from many, decided not to weight them according to This article describes a prevalence study. The cross sectional nature of the data could have an influence on the results. It might be expected that a person is more likely to change job as a consequence of being diagnosed for CHD than they are to move home. Further, a woman is more likely to change her own job than her husband is to change his, should she be found to have CHD. Hence an incidence study might find personal occupation a relatively better predictor of CHD. There is also the problem that the current study must inevitably omit the more extreme cases of CHD: those that have already led to death. This factor might have diluted the overall social effect, but is unlikely to bias the comparison between deprivation index and employment classification.
The degree of clustering of individuals to postcode sectors in the SHHS is quite low: the median number of individuals per postcode is 14, while 57 postcodes have only one representative. Consequently the estimated confidence intervals from the two level (postcodeindividual) model presented in table 2 are only very slightly wider than those produced when clustering is ignored. With more concentrated data the benefit of a multilevel approach to statistical modelling will be more apparent. A good example, in a context similar to that considered here, is the paper by Ecob,'5 which shows how variability may be modelled and interpreted in a multilevel model.
Occupational social class is, of course, only one of several measures of social status that can be compared with the C&M variable. In an earlier publication concerning the SHHS,20 housing tenure (owner-occupied/rented) was found the most effective of four possible dichotomous measures of social class in relation to prevalent CHD. The other three measures considered were the OPCS "head" definition as used here, but split into manual/non-manual occupations, level of education achieved (professional or degree/school) and years of education (less than or equal to 10/greater than 10). Housing tenure has the great disadvantage that it does not allow for dose-response investigations since it has only two levels (rentals are sometimes split by private and local authority, but the first is very rare in Scotland). The C&M variable has a strong relationship to housing tenure: the percentage of renters in C&M groups [1] [2] [3] [4] [5] [6] [7] respectively is 7%, 24%, 40%, 53%, 67%, 81%, and 91%, with virtually no difference by sex group. After allowing for housing tenure, the C&M variable is a significant predictor of prevalent CHD in the SHHS for men (p<0.0001), but not women (p=0.09). After allowing for the C&M variable, housing tenure is always still 'significant with p<0.0001 for both sexes. There are no significant interactions between the two variables (p>0.4). Hence housing tenure provides important information additional to the C&M variable, and it may be sensible to use the two together to provide both grading and extra explanatory power.
Social gradients have been discovered for many conditions. Since CHD is a major disease in the West, analyses of social factors using this end point provide important evidence for determining a social classification. The SHHS also collected information on five other medical conditions, and the C&M variable was evaluated for each of these. The C&M variable produced very strong gradients for the log odds of chronic cough and chronic phlegm (stronger than for CHD), before and after adjustment for age and serum cotinine. Hypertension, stroke and diabetes showed some evidence of gradient for men, but little for women. With these three diseases there were few cases, and thus considerable error associated with some of the odds ratios. In broad terms the OPCS variables and C&M variable were comparable for all five additional conditions considered. As already discussed, the C&M classifications are not, in any way, an optimal use of small area statistics. Hence there is evidence that small area statistics may have a more general use in measuring personal social status in epidemiology.
Provided the user is convinced that the small area statistics themselves measure the key elements of social status, then they are certainly acceptable as area level measurements. Whether they can then also be used at an individual level clearly depends upon the amount of homogeneity within the areas. In this national study, which is sure to include postcode sector areas with a wide range of characteristics, individual level measurement seems to be reasonably accurate, to a degree that is comparable with the more widely-used occupational measure of social class. This paper lends support to the contention30 that area level measurements of deprivation may be effective indicators of personal health.
